This study aimed to determine the influence of mineral supplementation on the concentration of macroelements and microelements in the seminal plasma and the semen characteristics of young buffaloes. To this end, 60 animals were kept under rotational grazing and were randomly divided into two groups: G-Bov (conventional mineral supplement recommended for bovine cattle; n = 30) and G-Buf (mineral supplement recommended for buffaloes; n = 30). Mineral supplement consumption was calculated from the difference between the amount of supplement offered and the leftover bunk, calculated every 28 days. Eight ejaculates from each animal were collected. The means of the response variables were analyzed using the Kruskal-Wallis test, with a significance level of 5%, and Pearson's correlation was analyzed between the concentration of minerals in seminal plasma and fresh semen characteristics. Animals in the G-Buf group had lower mineral supplement consumption (G-Bov = 83.18 vs. G-Buf = 77.14 g AU -1 day -1 , P < 0.05) and had higher ejaculate volume, sperm motility, sperm vigor, and sperm mass motility than did the animals in the G-Bov group. This research presented the concentration of macroelements and microelements in the seminal plasma of buffaloes receiving different mineral supplements. In addition, the study concluded that the physical and morphological characteristics of the semen of young buffaloes are influenced by the formulation of the mineral supplement, which resulted in better sperm quality in the animals receiving a species-specific supplement. Among the minerals present in buffalo seminal plasma, phosphorus is the element that shows the highest positive correlation with semen characteristics.
Introduction
Semen presents a variable constitution between different species and even between individuals of the same species (ANDRABI, 2009) . Changes in the management of bulls in the form of modifications in diet and nutrition can also influence semen production and quality in the buffalo. Seminal plasma is known to have a stimulatory effect on sperm motility owing to the presence of several specific substances; however, information on these substances, particularly the macroelements and microelements in the seminal plasma of buffaloes, is scarce and studies do not address all the elements (EGHBALI et al., 2010a) .
Microelements are essential for metabolic, enzymatic, and cellular reactions, and play roles in some reproductive functions such as spermatogenesis and sperm maturation (AHMAD et al., 2010) . The ionic composition of seminal plasma varies among different species, and calcium (Ca), magnesium (Mg), and zinc (Zn) are some of the main ions present in seminal plasma (TVRDÁ et al., 2013) . Although a positive correlation exists between testicular measurements and the morphofunctional characteristics of semen (LUZ et al., 2013) , and between sperm evaluation and the concentration of some minerals in the semen (EGHBALI et al., 2010b) , no study in the literature has investigated the influence of mineral nutrition on the quality and mineral constitution of the ejaculate.
Knowledge about semen constitution is relevant not only for understanding the reproductive physiology of male animals, but also for semen processing, aiming at the adoption of biotechniques applied to reproduction (SÁ FILHO et al., 2011) such as artificial insemination, which is an essential biotechnology for the extensive use of the genetic material of breeding animals (BARUSELLI et al., 2012) .
Therefore, the aims of this study were to determine the macroelement and microelement concentrations in the seminal plasma of buffaloes, to verify the influence of mineral supplement consumption on the concentration of these elements in seminal plasma and on the physical and morphological characteristics of semen, as well Can mineral supplementation modify the characteristics of young buffalo ejaculate?
as to correlate the concentration of the minerals in seminal plasma with the physical and morphological semen characteristics.
Materials and Methods
This experiment used 60 buffaloes raised in a property located in Ipixuna do Pará (2057'56.65 "S; 48000'03.70''O) , PA, Brazil. The animals were kept on pastures of Urochloa (Syn. Brachiaria) brizantha cv. Marandu, under intermittent or rotational stocking, and randomly divided into two groups: G-Bov (30 buffaloes that consumed, ad libitum, a recommended mineral supplement for cattle) and G-Buf (30 buffaloes that consumed, ad libitum, a mineral supplement recommended for buffaloes in the stages of creates, recreates, and fattening).
After weaning, at 8 months of age, the animals had 2 months of adaptation to the management system adopted before the experiment was initiated. During 14 months under the same experimental conditions, the animals of both groups were kept in two separate pastures, each measuring 18 ha in area. The pastures were subdivided into 12 paddocks of 1.5 ha each. Every 3 days, the animals were rotated between the paddocks, with each group rotated in its respective pasture. Every 28 days, the groups of animals were alternated between the two pastures, to offer the same qualitative-quantitative availability of forage, both in the dry and rainy seasons.
Every 56 days, the qualitative-quantitative availability of forage in each of the pastures used in the experiment was determined. Three forage samples were collected from each pasture by using a wooden square measuring 0.50 m 2 in area. The squares were cast randomly and manually, and the grass inside the square was collected by cutting at a height of approximately 10 cm above the ground. The harvested forage was packed in individual bags and weighed immediately to calculate the availability of green matter. The samples from each paddock were then homogenized, and a single combined sample was taken and sent to the laboratory for chemical analyses and dry matter availability calculations per hectare.
The nutritional composition analysis of the forage followed the techniques described by Silva (1998) , and the mineral analysis of the forage followed the description of Milles et al. (2001) . The readings were performed using flame atomic absorption spectrophotometry and colorimetry.
The calculation of the monthly amount of mineral supplement offered (Table 1) was based on an initial daily intake estimated at 120 g AU -1 . The mineral supplement consumed was offered in bunks, with top and lateral coverage, measuring about 4 m in length. The monthly intake of the mineral supplement was calculated from the difference between the amount of supplement offered and the leftover bunk, calculated every 28 days. Viana, R. B. et al. The animals were also weighed every 28 days during the 14 months of the experiment. Weight gain was calculated within a 28-day interval on the basis of the differences between the initial and final weights of the animals fasted for 12 h. The average daily weight gain was estimated using the following formula: DWG = [(Wm-Wb)/28], where: DWG = daily weight gain (g day -1 ); Wb = mean weight at the beginning of each 28-day interval; Wm = mean weight after each 28-day interval; and n = 1, 2, 3.....12.
From 10 to 24 months of age, measurements of the right and left testicles were performed every 56 days. These measurements included the height, width, and depth, as well as scrotal circumference (SC). The length or height of the testicles was measured using a pachymeter, and the head and tail of the epididymis were excluded in the dorsalventral direction. The width was measured using a pachymeter, with the measurement taken in the median region of each testicle, in the lateral-medial direction. The depth was also measured using a pachymeter, with the measurement taken in the median region of each testicle, in the craniocaudal direction. The SC was measured in centimeters (cm) by using an appropriate metallic tape measure, which was shaped like a loop and was placed at the point equivalent to the largest diameter, including both the gonads and scrotal skin, according to the recommendations by Vale (1994b) .
From 22 months of age (8 months of age at weaning, 2 months of adaptation, and 12 months of the prepubertal period), semen samples were collected weekly from all animals by using an electro-ejaculator. During the experiment, eight semen samples were collected from each animal; however, only the buffaloes with 100% successful harvests were retained in the experiment, thus accounting to a total of 432 semen samples of 54 buffaloes (27 animals in the G-Bov group = 216 samples; 27 animals in the G-Buf group = 216 samples).
Immediately after each semen collection, macroscopic and microscopic evaluations were performed through ejaculate analysis, which was initiated by visual measurement of the volume (mL) directly in the graduated collection tube. To obtain the sperm concentration (spermatozoa × 10 6 mL -1 ), a 5-μL sample of semen was diluted in 1 mL of buffered formalin solution (dilution 1: 200), and a small aliquot of this mixture (10 μL) was placed in the Neubauer cell counting chamber until it was completely filled (VALE, 1994a; PEIXOTO et al., 2012) . The motility, vigor, and mass motility of the spermatozoa were evaluated using light microscopy. Mass motility was evaluated by placing a drop of fresh semen on a slide (10 × magnification). Using another drop of semen placed between a slide and a cover slip, motility and vigor were quantified (100 × magnification). Motility was expressed as a percentage of motile spermatozoa, while vigor (1 to 5 scale) and mass motility (0 to 5 scale) were expressed as scores; in addition, seminal pH was determined using strips of MERCK ® reagents ( © 2019 Merck KGaA, Darmstadt, Germany) (VALE, 1994a) .
The Congo red staining technique using the Cerovsky method (CEROVSKY, 1976) was performed to evaluate the plasma membrane integrity of fresh semen, where 200 cells were analyzed per sample, and the results were presented as the percentage of cells with intact plasma membranes. Sperm morphological analysis was performed using buffered formalin solution; 200 spermatozoa per sample were counted and classified into those with major and minor defects, and these were taken together to obtain the total defects. These evaluations were always performed by the same operator using simple microscopy with phase contrast, following the recommendations by Vale et al. (1991) .
After all the physical and morphological analyses, the semen was centrifuged at 3000 g for 20 min. The supernatant was removed, aliquoted into microtubes, and frozen at -20°C for further analysis of mineral concentrations. The analysis of minerals in seminal plasma followed the technique described by Milles et al. (2001) and validated by Viana et al. (2011) , which is recommended for the analysis of minerals in blood plasma. The analysis of minerals was performed using a solution containing 1 mL of seminal plasma in 9 mL of 10% trichloroacetic acid solution for protein precipitation. In the supernatant, after the respective dilutions, the concentrations of copper (Cu), cobalt (Co), Zinc (Zn), iron (Fe), and manganese (Mn) were determined. For Ca, Mg, and phosphorus (P), 9 mL of a 1% lanthanum chloride solution was added to 1 mL of this supernatant. The concentration of P was measured using colorimetry, and those of Ca, Mg, Cu, Co, Fe, Zn, and Mn were measured using flame atomic absorption spectrophotometry (Varian SpectrAA 55B , Melbourne, Australia) . The analyses were carried out at the Laboratory of Mineral Analysis of the Institute of Animal Health and Production, Amazon Federal Rural University.
The experimental design was entirely randomized. The means of quantitative forage availability, mineral supplement consumption, animal weight, physical-morphological characteristics of semen, and concentration of minerals in seminal plasma were compared between the treatments by using the Kruskal-Wallis test, adopting a significance level of 5%. Pearson's correlation between the concentration of minerals in seminal plasma and the variables related to the physical-morphological characteristics of the ejaculate was also analyzed. All analyses were performed using the SAS program version 9.0 (SAS/STAT, SAS Institute Inc., Cary, NC).
Results and Discussion
No difference was observed between the qualitative-quantitative availability of forage for the animals in the different treatment groups (P > 0.05), both in the rainy and dry seasons ( Table 2 ). The mean mineral supplement intake was 80.16 g UA -1 day -1 , where G-Bov supplementation was higher than G-Buf supplementation (Figure 1 ). 0.41 ± 0.51 0.51 ± 0.32 0.4633 0.36 ± 0.62 0.08 ± 0.08 1.0000 G-Bov = conventional mineral supplement recommended for bovine cattle; G-Buf = mineral supplement recommended for buffaloes. Figure 1 . Average intake of mineral supplements (g AU -1 day -1 ) by young buffaloes reared in intermittent stocking and submitted to different mineral nutritional managements. G-Bov (conventional mineral supplement recommended for bovine cattle) and G-Buf (mineral supplement recommended for buffaloes). At the beginning of the experiment, no significant difference was observed in the mean weight of the animals in the G-Bov and G-Buf groups. However, at the end of the 14-month experiment, the animals in At the beginning of the experiment, no significant difference was observed in the mean weight of the animals in the G-Bov and G-Buf groups. However, at the end of the 14-month experiment, the animals in the G-Buf group had a higher mean weight (Table  3 ). This increase of 60.06 kg in the mean weight of the G-Buf group was probably caused by a significant daily weight gain of approximately about 143.93 g day -1 achieved by the animals in this group. Therefore, a significant increase in the development of the animals in the G-Buf group occurred, possibly because of the use of the mineral supplement most appropriate to the species. In addition to this higher average weight gain at the end of the experiment and the better average daily weight gain of the animals in the G-Buf group, the possibility of lower consumption of mineral supplement could have occurred, which could consequently represent a profitability for the breeders.
Animals in the G-Buf group yielded greater ejaculate volume, besides showing better sperm motility, sperm vigor, and sperm mass motility (Table 4 ). However, no difference was observed in sperm concentration between the two groups. Animals in the G-Bov group presented higher values for spermatic thin-head defects, total sperm defects, and total number of abnormal spermatozoa (P < 0.05).
These values for the physical characteristics (motility, vigor, and concentration) of the buffalo's ejaculate in both the groups were lower than those described by Eghbali et al. (2010a) , while the ejaculate volume was similar. This was probably due to the different methods of semen collection used, since in the present study, electro-ejaculation was opted for because the animals were young. Moreover, significant amounts of seminal plasma were required for determining the macroelement and microelement concentrations, which was the main objective of this research. Table 3 . Means and standard deviations, as well as minimum and maximum values, of the initial and final mean weights (kg) and the average daily weight gain (g day -1 ) of buffaloes reared in intermittent stocking and consuming different mineral supplements. As there was no change in the qualitative and quantitative availability of forage (P > 0.05), since the animals were contemporaneous and of the same genetic grouping, and since they were reared under the same edaphoclimatic conditions and similar management, the better semen quality of the buffaloes in the G-Buf group could probably be attributed to the mineral nutritional management offered to the animals in this group. This better semen quality is possibly associated with the better testicular development of buffaloes in the G-Buf group, since these animals achieved a constant and progressive testicular growth (Figure 2) , unlike those in the G-Bov group. At the beginning of the study, the mean testicular biometric measurements for the G-Buf and G-Bov groups were similar; however, at the end of the experiment, all the mean measurements were higher in the G-Buf group than in the G-Bov group (Table 5 ). G-Buf and G-Bov groups were similar; however, at the end of the experiment, all the mean measurements were higher in the G-Buf group than in the G-Bov group (Table 5 ). This increase in testicle size in the G-Buf group may possibly be attributed to mineral supplementation that was better suited to the regional mineral needs, thus clearly demonstrating the positive effect of the mineral supplement tested. This fact supports the idea of Hopper (2014) , who stated that lower SC values are related, among other causes, to nutritional effects. In addition, the tested mineral mixture used in the G-Buf group contained higher levels of Ca, P, and Cu, which are important for the development of the animal, and had a source of yeast, which results in better ruminal digestibility of forage and minerals. Furthermore, the presence of adequate minerals associated with good forage availability increases the plasma levels of estradiol, which plays an important role in the activation of the hypothalamic-pituitary axis, thereby triggering an increase in spermatogenesis and an increase in the size of the testicles (JAVED et al., 1998) . In contrast, smaller testicles are associated with decreased gonadotrophic activity (LAND, 1985) , which is important for spermatogenesis (PARVINEN, 1982) .
In addition to the values obtained for the concentrations of minerals in the seminal plasma of buffaloes (Table 6) , some authors described higher concentrations of Fe and Zn (KUMAR et al., 1991; DHAMI et al., 1995) as well as of Cu, Co, and Mn (KUMAR et al., 1991; DHAMI et al., 1995 DHAMI et al., , 2001 DHAMI, 2002a,b) . The concentrations of Fe in the G-Bov and G-Buf groups, however, were higher than those described by Kanwal et al. (2000) , Dhami et al. (2001) , and Shelke and Dhami (2002a,b) . Table 6 . Means and standard deviations (minimum-maximum) for macroelements (mg dL -1 ) and microelements (μg dL -1 ) in the seminal plasma of young buffaloes reared in intermittent stocking and submitted to different mineral nutritional managements.
Variable
G-Bov (n = 216) G-Buf (n = 216) Macroelements (mg dL -1 ) Can mineral supplementation modify the characteristics of young buffalo ejaculate?
The concentrations of Ca in the seminal plasma of our animals were close to those cited by Dhami et al. (2001) and Shelke and Dhami (2002a,b) , and lower than those described by Sansone et al. (2000) and Eghbali et al. (2010a) . The concentrations of P were lower in relation to those described by Shelke and Dhami (2002a,b) . Moreover, the concentrations of Mg in the seminal plasma of the studied buffaloes were higher than those described by Sansone et al. (2000) and Shelke and Dhami (2002b) , and similar to those described by Eghbali et al. (2010a) .
The variations of mineral concentrations in seminal plasma observed in our research possibly occurred because of the animals' age, races studied, and nutritional management adopted, among other factors. When comparing the mineral concentrations in the seminal plasma of buffaloes (i.e. mean and standard deviation), differently of our research, a low variability was observed within each of those studies described in the literature. However, an interesting aspect was the number of ejaculates used in each study. In the present study, 432 ejaculates of 54 buffaloes were used, while Dhami et al. (1995) carried out their studies in only five and three animals (40 and 36 ejaculates, respectively). Kumar et al. (1991) also carried out their study in few animals, which differed in age (older animals) and breed. Studies have reported that pubertal bovines had higher concentrations of Zn in their seminal plasma than do younger animals (UNANIAN et al., 1991) . Possibly, the other macroelements and microelements behave in a manner analogous to Zn, being influenced by the animal's age, race, and management.
The only difference between the treatments was observed in the seminal plasma concentrations of Mn, wherein higher values were observed in the G-Buf group (P < 0.05). This could probably be attributed to the more adequate availability of this element in the mineral supplement used in this group. This behavior of Mn can be justified by the fact that grass-fed buffaloes may have different mineral needs than do other animals. Because no significant variation was observed in Mn availability in the forage consumed by both the groups, both in the rainy and dry seasons (Table 2) , it was inferred that the Mn concentration in the seminal plasma of buffaloes was directly influenced by the type of mineral supplement consumed.
The correlations between mineral concentrations in the seminal plasma of buffaloes and the physical and morphological characteristics of semen are described in Table 7 . For the animals in the present study, significant and negative correlations of Fe concentration with sperm motility and mass motility were antagonistic to the observations of Shelke and Dhami (2002b) . P concentrations also showed significant and positive correlations with sperm motility, mass motility, and total head defects. The data obtained in this experiment also contradicted those of Shelke and Dhami (2002b) , who did not find correlations between P concentrations and the characteristics of Jafarabadi buffalo ejaculate. Unanian et al. (1991) and Sansone et al. (2000) stated that Zn concentrations in seminal plasma did not correlate with the characteristics of the ejaculate, as observed in the present study. Shelke and Dhami (2002b) reported that Fe concentrations in seminal plasma showed significant positive correlations with sperm concentration; however, they stated that Cu concentrations did not have significant correlations with any of the studied variables. In contrast, Co and Mn concentrations showed negative correlations with most of the semen characteristics studied. Moreover, Kareskoski and Katila (2008) observed negative associations of Fe, Zn, and Cu concentrations in seminal plasma with the volume and sperm concentration of the ejaculate. Can mineral supplementation modify the characteristics of young buffalo ejaculate?
Most correlations observed in our study about Ca concentration and the physical or morphological characteristics of the ejaculate were not significant, except for the significant negative correlation with seminal pH. Similarly, Shelke and Dhami (2002b) also reported low correlations between Ca concentrations and the variables studied. The same authors described the non-existence of significant positive correlations between Mg concentrations and sperm abnormalities and motility; however, the current research showed a low negative correlation between this mineral and the occurrence of head and tail defects in the sperms of buffaloes reared under intermittent stocking. However, Kanwal et al. (2000) reported correlations between Mg concentrations and ejaculate volume and percentage of dead spermatozoa, while Tvrdá et al. (2013) described significant correlations between Mn concentrations and sperm motility and progressive motility in cattle.
In relation to the collection method adopted in the present study, according to Barnabe et al. (1992) , the concentrations of minerals in seminal plasma were not influenced by the technique of semen collection, since the concentrations of minerals such as Ca varied similarly irrespective of whether semen was collected through the artificial vagina (6.26 g dL -1 at 16.52 mg dL -1 ) or by using the electro-ejaculator (10.06 mg dL -1 to 15.64 mg dL -1 ).
The characteristics of the ejaculate of buffaloes in the G-Buf group could also be associated with the bioavailability of the minerals offered in the supplement. The influence of biologically active inorganic components on the parameters of sperm viability, both in animals and in humans (SØRENSEN et al., 1999; MASSÁNYI et al., 2003) , were reported for Zn, Mg, selenium, and Ca (MASSÁNYI et al., 2003; EGHBALI et al., 2008; ATIG et al., 2012) , with positive effects on sperm motility, morphology, and concentration. The G-Buf group presented greater sperm volume, motility, vigor, and mass motility than did the G-Bov group.
The element Cu and its compounds, which are essential metal cofactors for a variety of bioactive molecules, were present in greater concentrations in the mineral supplement offered to the G-Buf group. The concentrations of Cu in the mixture may have favored its bioavailability in the animals, since more adjusted concentrations of Cu guarantee good sperm morphology (MASSÁNYI et al., 2004; ROYCHOUDHURY et al., 2008) . Similarly, other minerals are required for cellular defense systems against free radicals (MARZEC-WRÓBLEWSKA, et al., 2012) , and disturbances in their concentrations may lead to the reduction of antioxidant activities and the subsequent risk of developing oxidative stress . The interaction between the mineral element markers of sperm quality and antioxidant profile in semen has been well described in cattle, and any mineral imbalance in seminal plasma or spermatozoa can have a negative impact resulting in sperm abnormalities (TVRDÁ et al., 2013) .
The present study describes the concentrations of macroelements and microelements in the seminal plasma of buffaloes supplemented with different mineral formulations in the Amazonia biome of Brazil. This research allows us to conclude that the physical and morphological characteristics of the semen of young buffaloes are influenced by the type of mineral supplementation, with better semen quality in buffaloes supplemented with speciesspecific supplements. Among the minerals present in the seminal plasma of buffaloes, P shows a greater positive correlation with the seminal characteristics in the ejaculate than the other elements.
